The aim of this study was to determine the amount of major mineral compounds and heavy metals of camel milk in Iran. For this purpose camel milk samples were collected from seven regions of Iran include Qazvin, Golestan, Semnan, Sistan-Baluchestan, Khuzestan, Bushehr and Tehran. The samples were analyzed using Inductively Coupled Plasma-Optical Emission Spectrometer (ICP-OES) method. The results showed that among the mineral contents, iron and zinc of camel milk were greater than bovine milk. Based on the codex standard 193-2007 standards, the maximum acceptable limit for lead and cadmium is 20 µg/kg and 10 µg/kg, respectively. The results of this study showed that the measured amounts of lead, cadmium and nickel in all samples were less than the acceptable limit for bovine milk. Bovine milk and dairy products are a poor source of iron, while the obtained data revealed that camel milk is a major source of minerals, especially iron. The camel milk's iron was 10 times more than bovine milk. However, variations in mineral content in camel milk could be due to feed, stage of lactation, milk collection time, drought conditions, environmental conditions and associated analytical methods. Camel milk recommended as a valuable source of food for the human.
Introduction
Camel milk is considered as the most important source of milk provision in desert. It contains health-promoting nutrients for human beings (Farah et al., 1992) . Camel milk do not have allergenicity properties because it does not contains β-lactoglobulin (Mankinen & Palosuo, 1992; Ahmed et al., 2014) . Recent studies revealed that camel milk has anti-diabetic property due to the presence of special protein like insulin, (Zagorski et al., 1998; Agrawal et al., 2007) as well as antioxidant and antimicrobial capacities (Salami et al., 2010) .
Physical and chemical properties of camel milk are highly dependent on nutritional status, environmental and genetic parameters . The amount of camel milk protein is between 2% to 5.5% and roughly similar to bovine milk (Shabo et al., 2005; El-Agamy et al., 2009) . Camel milk's fat ranges from 2.6 to 5.5% depending on the quality of the fodder and the quantity of the drinking water, the number of lactation periods and food conditions and so similar to bovine milk in average (Yasin & Wahid, 1957) . Lesser percentage of short-chain fatty acids (C4 to C12) is one of the properties of the camel milk's fat which cause the softer and higher crystallization point than bovine milk (Farah et al., 1989; Farah & Rüegg, 1991) . The average amount of lactose as the most important carbohydrate in camel milk (4.62%) is a little less than the lactose amount of bovine milk (4.80%) (Shabo et al., 2005; El-Agamy et al., 2009) .It is the reason that people who are suffering from symptoms of lactose intolerance can drink camel milk without any problem (Khaskheli et al., 2005) .
Camels usually eat thorn and hard plants containing minerals; Therefore, different amounts of minerals are found in camel milk than bovine milk. As previous studies have shown, the amount of iron (about 10 times more than bovine milk) and copper in camel milk is more than bovine milk whilst some studies reported that the amount of calcium, magnesium, phosphor, sodium and potassium of camel milk is similar to bovine milk and the others reported high content of these minerals in camel milk (El-Agamy, 2006 Hashim et al., 2009; Konuspayeva et al., 2011; Ahmed et al., 2014) .The average ash in one-humped camel milk and bovine milk is 0.8 g/100 g and 0.7 g/100 g, respectively (Muehlhoff et al., 2013) . The minimum daily requirement for calcium or phosphor is easily provided by 2.5 and 4 cups of camel milk respectively (El-Agamy, 2009 ). Due to iron deficiency, bovine milk causes hypochromic anemia in infants but this event is less seen in camel milk because of more iron content (Rao et al., 1970) .
Heavy metals cause many harmful effects on human health such as saturnism (lead contamination), cancer (cadmium) (Konuspayeva et al., 2009) . Long term accumulation of heavy metals via food may cause chronic effects in various organs such as heart, nervous system, liver and kidney of people
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Mahdieh MOSTAFIDI 1 (Saeedifar et al., 2014) . There is not enough reported data on determination of minerals include calcium, copper, iron, zinc, sodium and potassium and heavy metals such as lead, cadmium, nickel, chromium in one-humped camel milk in Iran.
Considering the important role of minerals in human body health and the side effects of heavy metals, the aim of this study was to determine the amount of minerals as well as heavy metals of camel milk in Iran.
Materials and methods

Materials
Evaluation of mineral content and heavy metals were determined by nitric acid 65%, hydrogen peroxide solution 30% and standard solutions of calcium, copper, iron, zinc, sodium, potassium, lead, cadmium, nickel and chromium. All chemicals which have been used in this study were analytical grade and purchased from Merck, Darmstadt, Germany.
Sampling
In this study, 25 camel milk samples were collected from seven regions of Iran. Samples examined belonged to Qazvin, Golestan, Semnan, Sistan-Baluchestan, Khuzestan, Bushehr and Tehran. To ensure the results, all experiments were performed three times.
Sample preparation
From every sample an amount of 0.300g was weighted with 0.001g accuracy in special containers for microwave digestion, then 5 mL of 65% nitric acid and 1 mL of 30% hydrogen peroxide. Prepared samples were digested by the lab microwave as programmed (in 3 step at pressure 40 atm: step 1, 140 °C for 5 minutes and step 2, 170 °C for 10 minutes, step 3, 200 °C for 20 minutes, after that cooling for 40-45 minutes, The digested samples were filtered with a membrane filter (pore size 0.45 μm). The amount of minerals in samples was then measured by ICP-OES unit and standard solutions (Lante et al., 2006) .
Mineral determination
The amount of minerals in samples was then measured in Iranian National Standards Organization using inductively coupled plasma optical emission spectrometer (ICP-OES), IRIS Interpid II XSP Model and using five standard solutions (10, 50, 100, 500 and 1000 μg L -1 ) for each mineral.
Statistical analysis
Data were analyzed using SPSS 22.0 software (SPSS Inc, IBM, Chicago, IL) statistical software. One-way analysis of variance (One-way ANOVA) was performed and compare means took place through Duncan test (p < 0.05). Table 1 shows the results of measuring the amount of calcium, copper, iron, zinc, sodium and potassium in the studied samples of camel milk.
Results and discussion
Mineral contents
The results obtained from measuring the amount of camel milk's calcium showed that the camel milk sample of Semnan region had the highest amount of calcium (p < 0.05). There was no significant difference among the samples from Ghazvin, Golestan and Khuzestan regions (p ≥ 0.05). According to the obtained data, the mean amount of calcium in raw camel milk samples in Iran was 944 ± 37 mg/L different from the results of previous reported data from different countries (Figure 1) . Sawaya et al. (1984) reported the amount of calcium in camel milk as 106 mg/100g. In 1998, Kappeler reported the amount of calcium in camel milk as 1060-1570 mg/L (Kappeler, 1998) . Previous studies in China revealed that the amount of calcium in dromedary camel milk was between 30-197 mg/100 g which altered to 154.57 mg/100 g within 90 days lactation (Zhang et al., 2005) . In another study by Konuspayeva et al. (2008) the mean value of calcium in camel milk in Kazakhstan was measured using ICP method resulting in the amount of 1.232 mg/L indicating that change in season and species has a considerable effect on the amount of calcium.
Study on camel milk by atomic absorption method which took place by Shamsia in Egypt in 2009 reported the amount of calcium as 109 mg/100 mL (Shamsia, 2009) . In 2010, Al haj and Al kanhal reported the mean value of calcium in camel milk as 114 mg/100 g (Al Haj & Al Kanhal, 2010) . In Lybia the amount of calcium in the milk of a camel kept in nourishing conditions (Suitable nourishment and water) and a camel kept in desert and low water conditions was measured and reported as 85.69 mg/100 g and 114.5 mg/100 g, respectively (Alwan et al., 2014) . Accordingly, the amount of calcium in the milk of camels living in desert conditions is more than the calcium found in the milk of camels living in nourishing conditions. Nnadozie et al. (2014) announced amount of calcium in camel milk in Nigeria as 0.51 mg/kg.
In comparing regions, Elamin & Wilcox (1992) reported that the amount of calcium in the milk of camels from Riyadh region of Saudi Arabia measured by atomic absorption spectroscopy was 30.03 mg/100 g; while the study performed by Al-Wabel in Qassim region of Saudi Arabia measured the mean concentration of calcium up to 699.300 mg/kg (Al-Wabel, 2008 ).
Comparing with bovine milk, the amount of calcium in bovine milk from Qassim region in Saudi Arabia as reported by Al-Wabel was 661 ± 41.95 mg/kg (Al-Wabel, 2008) , while in 2014, Nnadozie et al. declared that the amount of calcium in bovine milk from Nigeria was 0.68 ± 0.08 mg/kg (Nnadozie et al., 2014) . In 2013, the range of calcium content in bovine milk was reported as 91 to 120 mg/100 g (Muehlhoff et al., 2013) .
Camel milk sample from Golestan region contained the highest amount of copper (p < 0.05). There was no significant difference in this respect between the samples from Ghazvin and Golestan regions (p ≥ 0.05).
In present study, the amount of copper in raw camel milk was measured as 0.44 ± 0.03 mg/L (Figure 1 ) which is different from the results of previous studies in other countries. In 2008, the mean concentration of copper in camel milk in Qassim region of Saudi Arabia was measured by Al-Wabel through ICP method resulting in the amount of 1.610 mg/kg (Al-Wabel, 2008) . El-Agamy (2009) reported the amount of copper in camel milk as 0.11-1.5 mg/L. In 2009, the amount of copper in camel milk in Egypt was measured at 0.19 mg/100 mL (Shamsia, 2009 ). In Lybia Alwan et al. (2014) reported the amount of copper in the milk of a camel kept in Suitable nourishment and water and a camel kept in desert and low water conditions as 0.14 mg/100 g and 0.24 mg/100 g, respectively. The amount of copper in camel milk was measured by Nnadozie et al. as 0.161 mg/kg in Nigeria in 2014 (Nnadozie et al., 2014) .
In Saudi Arabia the amount of copper in bovine milk from Qassim region was reported as 1.800 ± 1.10 mg/kg (Al-Wabel, 2008) and in Nigeria was 0.143 mg/kg (Nnadozie et al., 2014) . In another study, the amount of copper in bovine milk has been reported as very low (Muehlhoff et al., 2013) .
The results of measuring the amount of iron showed that the highest amount of iron was found in the sample from Golestan region (p < 0.05). Furthermore, there was no significant difference among the samples from Ghazvin, Golestan, Semnan and Khuzestan regions (p ≥ 0.05).
In the present study, the amount of iron reached 9.71 ± 1.34 mg/L (Figure 1 ) which is different from previous reports. Sawaya et al. (1984) measured the mean content of iron in camel milk samples and reached to 0.26 mg/100 g. In 1998, Kappeler reported the iron concentration in camel milk as 1.3-2.5 mg/L (Kappeler, 1998) . In another study by Konuspayeva et al. (2008) , the mean amount of iron in raw camel milk in Kazakhstan was measured by ICP method resulting in the amount of 2.02 mg/L. According to Shamsia's study in Egypt in 2009, the iron content in camel milk has been determined as 0.21 mg/100 mL (Shamsia, 2009) . In 2009, El-Agamy reported the amount of iron in camel milk as 0.7-3.7 mg/L (El-Agamy, 2009). In study by Konuspayeva et al. (2010) , the mean amount of iron in camel colostrum was measured by ICP method resulting in the amount of 2.50 mg/L. Al Haj & Al Kanhal (2010) and Nnadozie et al. (2014) reported the mean iron content in camel milk as 0.29 mg/100 g and 0.146 mg/kg, respectively. Alwan et al. (2014) in Lybia reported that animal feed is an effective factor on the amount of iron in camel milk.
Comparing the obtained result in different regions revealed that the amount of iron in the milk of camels from Riyadh region of Saudi Arabia measured by atomic absorption spectroscopy was 0.28 mg/100g (Elamin & Wilcox, 1992) , while the study performed by Al-Wabel in Qassim region of Saudi Arabia in 2008 measured the mean concentration of iron up to 2.981 mg/kg (Al-Wabel, 2008) . The amounts obtained from these two regions of Saudi Arabia were similar.
Comparing with bovine milk, the amount of iron in bovine milk from Kazakhstan (Konuspayeva et al., 2008) , Qassim region of Saudi Arabia (Al-Wabel, 2008) and Nigeria (Nnadozie et al., 2014) were reported as 0.35 mg/L, 4.214 ± 1.78 mg/kg and 0.211 mg/kg, respectively. The content of iron in bovine milk was reported 0.1 mg/100 g in the average (Muehlhoff et al., 2013) .
The results indicated that the highest amount of zinc related to the sample from Semnan region (p < 0.05) while there was no significant difference among the samples from Ghazvin, Golestan, Sistan-Baluchestan, Khuzestan, Bushehr and Tehran (p ≥ 0.05). Alwan et al. (2014) in Lybia, reported that the zinc content in camel milk in nourishing conditions (0.42 mg/100 g) was lower than camel milk which camel kept in desert and low water conditions (0.58 mg/100 g). The amount of zinc in camel milk was measured by Nnadozie et al. (2014) as 0.416 mg/kg in Nigeria.
In comparison with bovine milk, the value of zinc in camel milk was more than bovine milk. The zinc content in bovine milk from Qassim region of Saudi Arabia (Al-Wabel, 2008) and Nigeria (Nnadozie et al., 2014) was reported as 2.000 ± 0.28 mg/kg and 0.432 mg/kg, respectively. The range of zinc content in bovine milk was reported as 0.3-0.4 mg/100 g (Muehlhoff et al., 2013) .
The results indicated that the highest amount of sodium related to the sample from Tehran region (p < 0.05) while there was no significant difference between the samples from Tehran and Sistan-Baluchestan (p ≥ 0.05).
According to the obtained data, the content of sodium in camel milk samples of the present study was 619 ± 28 mg/L (Figure 1) . Sawaya et al. (1984) and Kappeler (1998) reported the amount of sodium in camel milk as 69 mg/100g and 360-620 mg/L, respectively. Zhang et al. (2005) by studying on dromedary milk using atomic absorption spectroscopy reported the content of sodium between 23-69 mg/100 g which altered to 72.0 mg/100 g within 90 days lactation. In 2009, Shamsia reported the amount of sodium in camel milk in Egypt as 58 mg/100 mL (Shamsia, 2009) . Al Haj & Al Kanhal (2010) and Nnadozie et al. (2014) reported the amount of sodium in camel milk as 59 mg/100 g and 110 mg/kg, respectively.
The obtained data in different regions revealed that the content of sodium in the camel milk from Riyadh region of Saudi Arabia measured by atomic absorption spectroscopy was 43.10 mg/100g (Elamin & Wilcox, 1992) , while the study performed by Al-Wabel in Qassim region of Saudi Arabia measured the mean content of sodium up to 115.870 mg/kg (Al-Wabel, 2008) . Based on the results, the amount of sodium in these two regions of Saudi Arabia is different.
Comparing with bovine milk, the amount of sodium in bovine milk was reported as 91.60 ± 3.45 mg/kg and 99.17 ± 2.89 mg/kg, respectively (Al-Wabel, 2008; Nnadozie et al., 2014) . The range of sodium content in bovine milk was reported as 38-45 mg/100 g (Muehlhoff et al., 2013) .
The results of measuring the amount of potassium showed that the highest amount of potassium was found in the sample from Tehran region (p < 0.05) while there was no significant difference between the samples from Tehran and Sistan-Baluchestan (p ≥ 0.05).
No significant difference among the samples from Ghazvin, Golestan, Semnan, Sistan-Baluchestan and Khuzestan was noticed (p ≥ 0.05).
In present study, the amount of potassium in camel milk samples obtained 1357 ± 36 mg/L (Figure 1) . Sawaya et al. (1984) and Kappeler (1998) reported the concentration of potassium in camel milk as 156 mg/100 g and 600-2100 mg/L, respectively. Zhang et al. (2005) reported the amount of potassium between 60-214 mg/100 g which altered to 191 mg/100g within 90 days lactation. Shamsia (2009 ), Al Haj & Al Kanhal (2010 and Nnadozie et al. (2014) reported the amount of potassium in camel milk as 179 mg/100 mL, 156 mg/100 g, 1133.33 mg/kg, respectively.
In comparing regions, Elamin & Wilcox (1992) revealed that the amount of potassium in the milk of camels from Riyadh region of Saudi Arabia measured by atomic absorption spectroscopy was 72.48 mg/100g, while Al-Wabel (2008) in Qassim region of Saudi Arabia reported that the mean concentration of potassium up to 133.77 mg/kg. Comparing the obtained results showed that the amount of potassium in these two regions of Saudi Arabia was different.
Comparing with bovine milk, the amount of potassium in bovine milk from Saudi Arabia and Nigeria reported as 113.700 ± 5.84 mg/kg and 533.33 ± 28.87 mg/kg, respectively (Al-Wabel, 2008; Nnadozie et al., 2014) . The range of potassium content in bovine milk was registered as 132 to 155 mg/100 g (Muehlhoff et al., 2013) . Elamin & Wilcox (1992) declared that the difference in respect of the amount of minerals is due to genetic diversity and environmental factors and pastures.
In 1998, Kappeler stated that the amount of minerals and vitamins of camel milk depends on the nutrition, health status of the mammary glands and lactation period (Kappeler, 1998) . Zhang et al. (2005) reported that diversity in the quantity of important minerals in camel milk could be related to race, nutrition, lactations period, drought and analysis methods. Al-Wabel (2008) explained that the quantity of minerals in camel milk depended on race, nutrition, lactation period, environmental conditions and production processes. The amount of minerals in the diet is very important for explaining the amount of calcium and zinc of the milk (Al-Wabel, 2008). As previously reported race, season and or region have no impact on the amount of iron in camel milk but season change and race have a significant impact on the quantity of calcium and phosphorus so that Bactrian camel milk has more calcium and phosphorus in comparison to dromedary camel milk. Also, the highest and lowest amount of calcium and phosphorus has been reported to be in spring and summer, respectively (Konuspayeva et al., 2008) .
Al Haj & Al Kanhal (2010) declared that the differences in the amount of minerals are related to the differences in race, nourishment and analysis methods. The quantity of main minerals in dromedary camel milk was different among Majaheim, Najdi, Wadah and Hjamra Hamra races. Alwan et al. (2014) stated that there was no significant difference between fattened camels and desert ones (drought conditions) in respect of ash. The reason for higher amount of minerals in drought conditions in comparison to fattening conditions is generally accumulation of minerals in desert plants. They also reported that most of the milk factors' variety is due to differences in analytical methods used, geographical location, diet, race and lactation period.
The mean amounts of calcium and iron in camel milk in Iran were measured at 944 ± 37 and 9 ± 1 mg/L respectively. The results of measuring some of minerals in camel milk in Iran are shown in Figure 1. Table 2 indicates the results of measuring the amounts of heavy metals in the studied samples of camel milk. According to these results, the milk samples from Ghazvin region had the highest amount of lead in comparison to other regions (p < 0.05). The results showed that there was no significant difference among the samples from Ghazvin, Golestan, Semnan, Sistan-Baluchestan, Khuzestan, Bushehr and Tehran in respect of lead amount (p ≥ 0.05).
Heavy metals
About cadmium, the highest amount of this compound obtained for camel milk from Semnan region (p < 0.05) while there was no significant difference among the samples from Ghazvin, Golestan, Semnan and Khuzestan (p ≥ 0.05). Mean concentration of lead and cadmium was 4.46 ± 0.65 µg/L and 0.30 ± 0.05 µg/L, respectively (Table 2 and Figure 2 ). According to Codex standard 193-1995, the maximum limit of lead for all kinds of milk is 0.02 mg/L. There is no maximum limit for cadmium in this international standard (Codex Alimentarious Commission, 1995).
Based on the standards of Food and Agriculture Organization (FAO), World Health Organization (WHO) and Codex standard 193-2007, the determined limit for lead and cadmium is 20 µg/kg and 10 µg/kg, respectively. The results of this study showed that the measured amounts of lead and cadmium in all samples were less than the acceptable limit.
The results showed that the sample from Ghazvin region had the highest amount of nickel (p < 0.05). There was no significant difference among the samples from Ghazvin, Golestan, Semnan and Tehran (p ≥ 0.05).
As shown in Table 2 and Figure 2 , the mean value of nickel in this study was 0.53 ± 0.02 µg/L. According to Codex standard and World Health Organization (WHO), the limit in respect of mineral water is 20 µg/L and 70 µg/L, respectively (Codex Alimentarious Commission, 2008) . Previous study by Nnadozie et al. did not identify the amount of nickel in camel milk in Nigeria (Nnadozie et al., 2014) .
The results of measuring the amount of chromium showed that it was identifiable only in Ghazvin region (p < 0.05) and in other regions in this study no chromium element was identified.
In this study no amount of chromium was detected in the raw camel milk samples in Iran except in Qazvin region (Table 2 ). In general, the amount of chromium in foodstuffs was considered to be 0.06 mg/kg of the fresh foodstuffs' weight (Ballantyne et al., 1999) . Nnadozie et al. (2014) reported the amount of chromium in camel milk in Nigeria as 0.191 mg/kg.
In different regions, a study by Elamin and Wilcox in 1992 indicated the amount of lead in the milk of camels from Riyadh region of Saudi Arabia measured by atomic absorption spectroscopy to be 0.18 mg/100g which is more than the amount of lead measured in the present study (Elamin & Wilcox, 1992) while the study performed by Al-Wabel in Qassim region of Saudi Arabia in 2008 on the camel milk samples by atomic absorption spectroscopy showed that camel milk lacked lead and cadmium (Al-Wabel, 2008) . The amount of measured lead in two regions of Riyadh and Qassim in Saudi Arabia was different. In comparison with bovine milk, the amount of lead in bovine milk in Nigeria has been reported as 0.00 mg/kg (Nnadozie et al., 2014) . No amount of chromium was traced in bovine milk in Nigeria (Nnadozie et al., 2014) .
The amount of toxic minerals is affected with environmental pollution (Al-Wabel, 2008) . The pollution probability of the samples with fuel of cars and agricultural machinery can be the main source of pollution with heavy metals. The race of camel has no effect on the amount of lead while the factor of season is very important and effective so that the amount of lead in camel milk in spring has had the least amount in comparison to other seasons (Konuspayeva et al., 2008) . Despite the differences in soil conditions and scattering of mines in different regions, the standard limit has been considered in camel milk samples of all regions in this study. 
Conclusions
Among the beneficial elements, in Iran the amount of iron and zinc in camel milk samples where higher compare to bovine milk as well as it was mostly higher than previous studies of different regions. The amounts of other elements such as calcium, copper, sodium and potassium in camel milk samples of all studied regions were roughly equal to bovine milk. Despite the differences in soil conditions and scattering of mines in different regions, the amount of heavy metals (lead, cadmium and nickel) in the camel milk samples of all studied regions was in the acceptable level in comparison with international standards. No amount of chromium was traced in samples of raw camel milk in this study. The results of studies conducted in Iran showed that the amount of the pollution with lead and cadmium in bovine milk was much more than camel milk.
